INTRODUCTION
The suppression of fire for the past hundred years is changing the nature of xeric pine/oak ecosystems in the southern Appalachians. Historically, lightning fires have influenced the evolution of many fire-dependent species and the species composition of Appalachian montane coniferous forests prior to the arrival of humans Waldrop 1989, Brose et al. 2001) . A high fire frequency was subsequently maintained in the southern Appalachians by Native Americans and also European settlers, to manage game, enhance soil fertility, and discourage catastrophic wildfires (Van Lear and Waldrop 1989 , Whitney 1994 , Brose et al. 2001 . However, since the advent of fire suppression in the early part of the 20th century, there has been a drastic reduction in the extent of xeric oak and pine forests (Clinton et al. 1993 , Brose et al 2001 , probably because they require fire for both establishment and maintenance ). Many of the natural pine stands in the southern Appalachians were established following fire (Whittaker 1956 , Barden and Woods 1976 , Van Lear and Waldrop 1989 , Frost 1998 , Brose et al. 2001 ), but in its absence have succeeded to a community consisting of mixed hardwoods with a dense heath understory (White 1987 , Swift et al. 1993 , Waterman et al. 1995 , Elliott et al. 1999 . Among the most notable changes are an increase in Acer rubrum, a shade-tolerant overstory tree, and a far higher abundance of the evergreen shrub Kalmia latifolia L. (mountain laurel), which creates a dense understory canopy that may inhibit growth and establishment of overstory species (Chapman 1950 , Whittaker 1956 , Wade et al. 2000 , Swift et al. 1993 , Malik and Roberts 1994 , Malik 1995 , Waterman et al. 1995 .
The Linville Gorge Wilderness Area (LGWA) is a 4,857 ha preserve that occupies steep slopes on either side of the Linville River in the mountains of western North Carolina. Previous vegetation studies (Newell and Peet 1998 ) delineated a variety of forest community types that can be categorized into four major groups, depending on the dominant overstory trees (Reilly et al. 2006) : thermic pine, acidic cove, acidic slope, and thermic oak. Thermic refers to the fact that these forests are subject to frequent fires, and often contain fire-adapted species (Newell and Peet 1998) . Without fire, there is the possibility that these fire-adapted species may be extirpat-ed. Reilly et al. (2006) provide detailed descriptions of the forest types and fire history, including the oak-pine mixture located on the steep slopes of the LGWA. This forest type includes the endemic table mountain pine (Pinus pungens Lam.) and pitch pine (P. rigida Mill.). The dominant oaks are Quercus coccinea Muenchh. and Q. montana Willd., with abundant red maple (Acer rubrum L.), black gum (Nyssa sylvatica Marsh.) and sourwood (Oxydendrum arboretum L.). The shrub layer is dominated by Kalmia, while the herb layer is a mixture of a variety of perennial understory species, including Gaultheria procumbens L., Galax urceolata (Poir.) Brummitt, Erigeron annuus (L.) Pers., Erichtites hieracifolia (L.) Raf. Ex DC. and Eupatorium rugosum Houtt. (Reilly et al. 2006) .
We studied a thermic oak-pine forest near the western ridgetop road in the LGWA following a fire in the fall of 2000. The fire occurred in a year of severe drought, escaping from an unattended campfire and burning approximately two-thirds of the LGWA. Fire scar data indicate that these dry oak/pine-dominated habitats historically experienced periodic low intensity ground fires every 5 to 12 years and catastrophic stand-replacing fires every 75 years (Barden and Woods 1976 , Frost 1998 , Harmon 1984 , of which the last two occurred in 1860 and 1915 (Frost 1998) . However, the last widespread surface fire in the LGWA occurred approximately 50 years ago, and all subsequent fires have been suppressed (Newell and Peet 1998) . Despite the recent absence of fire, the 2000 event remained a relatively low-intensity ground fire with crowning mainly restricted to stands of pine that had been killed by the southern pine beetle Dendroctonus frontalis. There was little overstory mortality in healthy stands at the higher elevations (personal observations), whereas Reilly et al. (2006) reported ,20% reductions in basal area in thermic oak stands at elevations lower than those sampled in the present study. In contrast, the dense Kalmia understory was almost completely eliminated in many areas. Hence, this fire afforded an important opportunity to evaluate the influence of the shrub layer on immediate post-fire ecosystem response.
Our specific objectives were to study the impacts of this human-caused fire on oak-pine forest community composition and function, particularly nutrient and carbon flux in the LGWA. We focused on understory impacts of fire at the local scale that were caused by the nearly complete removal of the Kalmia shrub layer and the loss of organic matter and litter from the soil surface. We hypothesized that: 1) loss of the shrub layer would increase penetration of light to the forest floor, which would in turn increase soil temperature extremes, 2) the combination of increased light and removal of the forest floor would encourage higher diversity of tree seedlings and ground layer vegetation, and finally, 3) warmer soils, coupled with recently released nutrients, would facilitate more rapid decomposition and nutrient recycling from litter.
MATERIALS AND METHODS

Study Site
This study took place at an elevation of 950 m on the western rim of the Linville Gorge Wilderness Area (LGWA), which is located on the eastern edge of the southern Appalachian Mountains in Burke County, North Carolina. The study area consisted of two sites, one burned and one unburned, separated from each other by approximately 1 km. Within each site we established eight 30 m 3 30 m (900 m 2 ) plots, with similar topographical features such as altitude, aspect, and slope. Plots were located using a Geographical Information System and were restricted to the oak-pine community type, based on the work of Newell and Peet (1998) and Newell et al. (1999) .
Our experimental design suffers from the constraints of pseudoreplication (Hurlbert 1984) . This is an unfortunate but unavoidable consequence of taking advantage of the unanticipated fire event, the study of which should nevertheless be of value if interpreted properly (Miao and Carstenn 2006) . In the absence of pretreatment data, our results must be interpreted and extended to the landscape level with caution (van Mantgem et al. 2001) . Burned and unburned sites were in close proximity (,1 km) and reasonably similar in vegetation species composition and structure. The sites were separated by a steep rocky ravine (pers. obs.) which likely stopped the fire from reaching the unburned site. Therefore we include data from the unburned site as a reference for comparison. We intend for the statistical comparisons not to test for effects of fire, but rather to test for differences between sites and thus provide a basis for interpreting possible fire effects.
Community Composition
Pre-Fire. Pre-fire vegetative composition was estimated by assuming that shrubs and trees that were standing-dead but sprouting from the root collar in the burned plots were alive prior to the fire. The circumferences of all trees over 30 cm (,10 cm dbh) were measured within each plot. The midstory layer included stems of all shrubs (mainly Kalmia and occasionally Rhododendron) and all tree saplings or sprouts between 10 and 30 cm in circumference. These were quantified within two 30 m 3 5 m transects along the east and west margins of each plot. Because this size class consisted primarily of individuals of Kalmia we refer to it hereafter as the shrub layer. A tree or shrub with multiple trunks was counted as two individuals if the split occurred below 1.5 m. An importance value (IV, range 0 to 100) was assigned to each species by summing the relative basal area and relative density of each species and dividing by two (Brower et al. 1998) .
Post-Fire. Any tree or shrub in the burned plots that was dead aboveground but sprouting at the base was recorded as a casualty of the fire. Survival of the dominant shrub Kalmia was assessed in a 5 m 3 30 m transect through the center of each plot. All individuals within the transect were recorded as having (a) a portion of their aboveground stems alive but with no sprouting, (b) alive with sprouting, (c) dead aboveground but sprouting, or (d) completely dead. DBH was recorded for all dead stems but they were not identified to species.
Ground Layer Vegetation -post-fire. All individuals # 1 m in height were considered members of the ground layer (Gilliam and Roberts 2003) . Percent cover was quantified for each species in mid-summer 2002 in six 0.5 m by 0.5 m quadrats per plot. Plant species in this layer that were not captured by the quadrat survey were noted.
Diversity Measures. Species richness was determined as the total number of species (trees, shrubs, and ground layer plants) for each block. Species diversity was calculated using the Shannon-Weiner Diversity Index (Ludwig and Reynolds 1988) . Evenness was determined using Pielou's index (Pielou 1976 (Pielou , 1977 . Values were calculated for both pre-and post-fire estimates of community composition. Community similarity was computed for each physiognomic group (trees, shrubs, herbs), as well as for all plants using Jaccard's Community Similarity Index (Mueller-Dombois and Ellenberg 1974).
Forest Floor
Total mass of the Oi and Oe layers of the surface organic horizon (forest floor) was quantified in two 0.5 m by 0.5 m subplots in each plot on September 29, 2001 prior to leaf fall. This material was air dried for 14 days to constant mass and weighed.
Hemispherical photography
The amount of light penetrating through the canopy and understory was assessed with hemispherical photography. Photographs were taken at times of near maximum leaf cover (September 20, 2001 and September 13, 2002) , and minimum leaf cover (March 18, 2002), at two fixed points within each plot. A Nikon SLR camera was positioned horizontally at a fixed height of 93 cm using a self-leveling gimbal. An 8 mm Nikkor fisheye lens was used to provide a 180u view of the understory and canopy with the top of the camera facing due north. FujiChrome 400 color slide film was used, and slides were digitized in the Botany Department at the University of Georgia, Athens, GA and analyzed for Direct and Indirect Solar Flux using the CANOPY software program of Rich (1989) .
Soil Temperature, Moisture, and Respiration Soil temperatures were monitored using Thermochron ibutton temperature sensors (Dallas Semiconductors, Dallas Texas). One sensor was placed in the humus layer in the northwest corner of each plot. Sensors were periodically retrieved and data downloaded to a PC for analysis. Data were analyzed for daily means, maxima and minima.
Total soil respiration (TSR) was measured using a Li-Cor 6200 affixed with the soil respiration chamber to measure CO 2 efflux (LiCor, Inc., Lincoln Nebraska). Six soil collars were permanently located in the surface organic horizon in four burned plots and four unburned plots. 
Litter Decomposition
Recently senesced litter was collected on November 22, 2000 from an oak-pine community in an unburned area near the plots (,100 m away). The litter was rinsed to remove ash that had deposited from the fires, then dried at 60uC. Litter bags were made out of 1 mm nylon mesh screen. Four grams of scarlet oak (Quercus coccinea) leaves, 3 grams of white oak leaves (Q. alba and Q. prinus mix), and 2 grams of red maple (A. rubrum) leaves were added to each bag. Eight bags were placed inside the northwest corner of each plot on November 10, 2001. Two bags were retrieved from each plot on days 102, 194, and 289 after placement. After noting minimal difference in mass lost between replicate bags within a plot on the same date, we collected one bag from each plot on days 365 and 457. Bags were dried at 60uC to constant mass and litter was weighed to determine percent of initial mass remaining.
Nitrogen and phosphorus concentrations of litter were quantified for samples pooled within each plot at the North Carolina State Department of Soil Science Analytical Services Laboratory (Raleigh, North Carolina) using a Perkin-Elmer Optima 2000DV Ion Coupled Plasma Emission Spectrograph (Perkin-Elmer Corp., Norwalk, Connecticut.) for P and a Perkin-Elmer 2400 CHN Elemental Analyzer (Series II) for N. Total litter N and P content were calculated by multiplying litter mass by the concentration of N and P. Results were expressed as percent of original.
Statistical Analyses
Two sample t-tests were used to compare data between sites, acknowledging that the lack of site replication precludes attributing any site differences to the effects of the fire. A two-way repeated measures analysis of variance was used for data collected over time, such as light penetration, soil temperature, decomposition, and nutrient fluxes (SAS Institute, Inc., 2001) . Data that did not meet assumptions for parametric tests were transformed prior to analysis. Treatment differences were assumed significant when p , 0.05.
RESULTS
Community Composition
Pre-Fire. The pre-fire community compositions were similar for burned and unburned plots. The most abundant species in the overstory were Q. coccinea, O. arboreum, Q. alba, P. strobus, Nyssa sylvatica, A. rubrum, Q. prinus, and P. rigida (Figure 1a) . No significant differences were seen in pre-fire composition between burned and unburned plots, with the exception of higher basal area and density of A. rubrum and higher basal area of P. rigida in the burned plots Figure 1 . Importance values of (A) trees and (B) shrubs in burned (pre-and post-fire) and unburned plots. Values are means 6 se, N 5 8. Asterisks indicate significant differences (p , 0.05) between unburned and pre-fire burned plots while an 'x' indicates a difference between pre-fire and post-fire burned plots. .8071
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Kalmia latifolia dominated the pre-fire shrub layer throughout the study area (Figure 1a) , comprising 87 -90% of basal area and density in both burned and unburned plots. Nyssa sylvatica was more abundant in the shrub layer in unburned plots, while A. rubrum was more abundant in burned plots (Table 2 ). Other species in the shrub layer included young individuals of the aforementioned canopy species, as well as R. maximum and in the unburned plots, Symplocos tinctoria. Mean total basal area of shrubs was 9.9 m 2 /ha in burned and 8.1 m 2 / ha in unburned plots.
Tree species diversity (Shannon-Weiner) was 0.80 for burned plots and 0.85 for unburned plots (Table 3 ). Jaccard's Community Similarity Index between the burned and unburned plots was 0.90 for the pre-fire canopy layer. The diversity of the shrub layer was much less than that of the tree layer, mainly due to the domination of this layer by K. latifolia. Shrub diversity was 0.22 in burned and 0.23 in unburned plots (Table 3 ). Jaccard's Index was 0.82.
Post-Fire. Very few individuals of overstory tree species were lost due to the fire. While there were decreases in importance values for some tree species following the fire ( Figure 1 and Table 1) , none of these differences were significant, and neither tree species diversity nor evenness were affected. The mean basal area for live trees decreased by only 10% to 23.1 m 2 /ha.
In contrast, the shrub layer was significantly impacted by the fire. Mean post-fire BA was decreased by 61%, from 9.9 to 3.9 m 2 /ha in burned plots. Kalmia decreased in importance from 90% pre-fire to 68% post-fire ( Figure 1b ) and the structure of those Kalmia that remained was substantially altered by the fire. Aboveground stems of 78% percent of the shrubs were killed by fire and of these, 86% survived as basal sprouts. Species evenness post-fire increased from 0.23 to 0.42 in the shrub layer while diversity increased from 0.22 to 0.38, both a result of the decreased presence of Kalmia.
Ground Layer. The ground layer in both the unburned and burned plots consisted of herbs, woody seedlings, and various mosses. Vaccinium spp., Galax urceolata, and Smilax rotundifolia were common herbaceous plants in both burned and unburned plots (Table 3) . Several species were found exclusively in the burned plots, such as Erechtites hieracifolia, Erigeron anuus, and Eupatorium rugosum. Although not captured in the quadrat sampling, Monotropa uniflora and Goodyera repens were present only in the unburned plots while Paulownia tomentosa (Thunb.) Steud., an invasive exotic tree species, was present only in the burned plots.
Mean percent cover was nearly twice as high in the burned versus the unburned plots (0.50 vs 0.28 %, respectively), with most of the contribution from the G. urceolata, E. rotundifolia and Vaccinium spp. Cover by the tree seedlings P. rigida and O. arboreum was much higher in burned than unburned plots (0.29 vs 0.02 and 0.71 vs 0 %, respectively). Overall, however, tree seedlings were infrequent and mean cover was nearly the same between burned and unburned plots (0.17 vs 0.13 %, respectively). pattern as the first (p 5 0.004), albeit with a slightly smaller difference, probably due to partial recovery of the canopy in the second year.
Forest Floor
Soil Temperature, Moisture, and Respiration Soil temperatures were higher in burned than unburned sites in all seasons (p , 0.035; Figure 2 ). Mean soil temperatures were higher in burned plots during spring and summer (p 5 0.001 and 0.003, respectively), and soil minima were higher in burned plots during summer (p 5 0.001).
Gravimetric soil water content consistently was lower in burned than unburned plots, as was total soil respiration ( Figure 3 ). Significant differences in soil water content between sites occurred only during the spring and summer of 2002. Total soil respiration was significantly higher in unburned plots at all times except during this period, and was lowest for all plots during the winter months. Peak values occurred in mid-to late summer of 2002 (Figure 3) , with efflux rates of 1.26 6 0.146 g CO 2 m 22 h 21 from unburned plots and 0.86 6 0.141 g CO 2 m 22 h 21 from burned plots.
Litter Decomposition
Litter mass loss did not differ between the burned and unburned sites up to day 194 (Figure 4) . After that date, however, litter loss was more rapid in the unburned than burned sites and this pattern continued until the end of the study (p , 0.02 for all remaining days). Percent of original N and P in decaying litter did not differ between the burned and unburned sites, with one exception: on day 102, P was significantly higher in the unburned site.
DISCUSSION Ground fire in this oak-pine forest in the Linville Gorge Wilderness Area caused significant changes in the understory environment, principally via the reduction of the Kalmia shrub canopy and the loss of litter and organic matter from the forest floor horizon. Fire removed most of the forest floor, largely eliminated the shrub canopy, and caused basal sprouting of trees and shrubs. Consequent abiotic changes included increased light penetration and more extreme soil temperatures. These combined biotic and abiotic effects corresponded to increased understory plant species diversity and cover, as hypothesized, but appeared to suppress rates of litter decomposition and soil respiration, contrary to our expectations. These changes in species diversity concur with the results of Reilly et al. (2006) who found similar changes after the same fire, based on the permanent plots of Newell and Peet (1998) . In addition, our data show that changes in the shrub layer canopy and soil environment influence short-term recovery of this system from ground fires.
Pre-fire community composition was relatively similar between the burned and unburned sites. Pre-fire total mean basal areas and stem densities (overstory and shrub layer combined) in the burned and unburned plots were both within 12% of each other, respectively, and the coefficient of similarity for pre-fire species composition was 0.90 for the overstory and 0.82 for the shrubs. Both sites were dominated by Q. coccinea, Q alba, O. arboreum, and A. rubrum in the overstory and K. latifolia in the understory. There was a pre-fire difference in dominance by overstory A. rubrum and P. rigida; burned plots contained 62% more basal area of A. rubrum, and ,53 as many stems/ha, while for P. rigida, the values were 81% basal area and 2.53 for stems/ha. However, it should be noted that P. rigida constituted ,10% of the stand basal area and only 4% of the stems, thus the absolute differences are not as significant as the relative differences. Unburned plots had 9% less basal area and 15% fewer stems than pre-fire burned plots. No other species showed significant differ- ences between the sites. In the shrub layer, A. rubrum was again more prevalent in the burned plots, as was N. sylvatica, but no other species showed pre-fire differences in either basal area or stem density. Regardless of uncertainties about pre-fire overstory community composition, it is quite clear that Kalmia in the shrub layer were killed back by the fire.
This change in Kalmia cover can play a prominent role in the response of fire-prone oak-pine ecosystems to fire suppression, particularly on drier slopes (Elliott et al. 1999 ). In our study, the loss of the dominant Kalmia canopy resulted in substantial microclimatic changes to the forest floor and herb layer. Light penetration to the forest floor increased by 15%, which is reasonably close to the ,20% fire-induced canopy opening estimated by Reilly et al. (2006) for similar forest types in the LWGA. We further show that this greater solar flux heated the soils more in the burned plots during the day. Combined with the loss of the forest floor material, these soils were significantly drier than those in the unburned plots. At night, particularly in that portion of the year when the overstory canopy was gone, soils in burned plots also had lower minima due to greater thermal re-radiation to the sky. Overall, soils in burned plots exhibited greater extremes in temperature than unburned plots (Figure 2) . The large difference in light penetration between the burned and unburned plots clearly shows how important the shrub layer is for intercepting light that would otherwise go to the ground layer. Other studies have similarly noted the role of shrubs in altering light to the ground layer (Constabel and Lieffers 1996, Smith et al. 1989) .
In addition to creating a dense canopy that restricts light penetration, Kalmia shrubs can affect seedling establishment via litter that tends to accumulate due to slow decomposition (Waterman et al. 1995) . The combination of forest floor removal by fire and increased penetration of light associated with the loss of the Kalmia canopy were probably responsible for the increased diversity and abundance of herbaceous vegetation and tree seedlings that we observed within the first growing season post-fire. Our findings are consistent with the conclusions of Reilly et al. (2006) who argued that changes in species diversity after the fire were the result of local scale phenomena, and not long distance dispersal. Similar results were found by Elliot et al. (1999) on upper slopes and ridgetops in the southern Appalachians following prescribed burning in oak-pine forest. Low abundance of pine and oak species in the ground and shrub strata in the unburned plots compared to burned plots at LGWA suggests that their recruitment has been limited partly by the prior abundance of Kalmia. Fire appeared to promote the establishment of Pinus rigida seedlings in particular, which may be important for future overstory species composition in this forest. Our results also concur with Waldrop and Brose (1998) , who found that pine seedlings responded positively to exposed mineral soil, increased light availability, and reduced competition. Previous studies have shown that a fire frequency of 40-60 years will ensure P. rigida remains (Barden 1974 (Barden , 1977 (Barden , 2000 and its importance has been shown to increase as fire frequency increases (Little 1974) .
Several other interesting changes in the herbaceous vegetation strata are worth noting. There was rapid and plentiful recovery of the G. urceolata following fire, probably due to rhizomes that survived where the forest floor layer was not totally consumed. Fire did not affect the forest floor uniformly but rather increased the heterogeneity of the soil surface environment (Campany 2006) . Several of the species found only in the burned plots are known post-disturbance colonizers (Erichtites hieracifolia, Erigeron annuus, and Eupatorium rugosum) and their abundance probably results from a dormant seed bank in the forest floor that survived and flourished following the fire (Swift et al. 1993) . Several individuals of the Asian invasive Paulownia tomentosa, not previously recorded in the Linville Gorge, were present only in the burned plots and rapidly increased in number and height during the duration of this study. Some individuals approached 4 m in height a little over 4 years post-fire. The persistence and proliferation of P. tomentosa in the LGWA may be an important issue for forest managers, as this plant is regarded as a noxious invasive in the Southeast (Woods 1989) .
The long-term influence of fire via removal of the dense shrub canopy will depend on the nature of future fires and the rate at which the shrub layer, particularly Kalmia, recovers. In similar oak and pine systems, understory density has been enhanced by fires that have little or no impact on the overstory but cause a slight opening of the midstory (Ducey et al.1996 , Welch et al. 2000 . These conditions may actually promote the growth and recovery of Kalmia (Van Lear and Waldrop 1989 , Arthur et al. 1998 . Similarly, Elliott et al. (1999) found that basal areas of Kalmia decreased immediately following fire, but that densities ultimately increased due to prolific sprouting. Our results in the LGWA are very similar and five years after the fire, there is abundant sprouting and substantial recovery of the Kalmia (pers. obs.). We suggest that the survival of woody seedlings that establish following fire will depend on their ability to outgrow the Kalmia before it recovers and shades them (Clinton et al. 1993) . Future monitoring in the LGWA will be required to reveal the rate and extent of Kalmia recovery and the associated impacts on seedling recruitment and future forest species composition.
Changes in the understory and soil environment resulting from this relatively low intensity fire had a notable impact on decomposition and C flux in this ecosystem, despite a lack of immediate overstory mortality. Total soil respiration, a major source of CO 2 efflux from forest ecosystems (Raich and Schlesinger 1992) , was lower in burned than unburned plots. Typically, TSR depends strongly on soil temperature (Davidson et al. 1998 ), and we found this pattern seasonally. Drought has been found to reduce TSR (Hanson et al. 1993 , Epron et al. 1999 , Borken et al. 2002 and it may therefore be logical to expect that the lower soil moisture in burned plots would contribute to lower TSR. However, rates in this study were higher when soils were drier (Figure 3 ). Most likely the dominant factor responsible for lower TSR in burned plots was the loss of the forest floor, which can contribute 50% or more to TSR (Fahey et al. 2005) . In contrast to our results, Hubbard et al. (2004) found rapid (2 month) recovery of soil respiration following a ground fire in a southern Appalachian oak-pine forest. The fire studied by Hubbard et al. (2004) burned at relatively low temperatures which were sufficient to reduce the litter layer but not the underlying Oe + Oa horizons. Comparison of their results with the persistent reduction of soil respiration in our study further emphasizes the importance of ground fire intensity to subsequent ecosystem function. In addition to losses of the forest floor from combustion, subsequent erosional losses in the burned plots were severe, suggesting that recovery of the forest floor may be more difficult in the LGWA because of the steep terrain.
Decomposition processes in burned plots may have been similarly constrained by changes in the decomposer communities associated with the loss of the forest floor, or by the hot and dry surface environment resulting from the increased insolation (Knoepp and Swank 1993 , Debano et al. 1998 , Certini 2005 . Either of these changes would limit activities of decomposer communities and at least some of the enzymatic activity necessary for decomposition processes (Hernandez et al. 1997 , Boerner and Brinkman 2003 , Certini 2005 . Reduced litter decay rates should result in the retention of slightly more C in surface soils and may promote recovery of the forest floor following fires. We detected little impact of fire on nutrient immobilization in decaying litter after almost two years of decomposition, although there was short-term higher immobilization of N (104 days) and P (up to 284 days) in burned plots, suggesting uptake of a pulse of available nutrients following the fire. This hypothesis deserves further examination because of the potential contribution to nutrient retention in recently burned sites. However, longer-term nutrient immobilization was not influenced by fire, despite suppressed litter decay rates.
Summary
The November 2000 ground fire in the Linville Gorge Wilderness Area had little immediate impact on the overstory in these oak-pine forest plots, but there were significant changes in community composition and ecosystem function in the understory. Defoliation of the shrub layer by fire resulted in significant increases in light penetration to the forest floor. This, coupled with the loss of the surface organic horizons, led to increased diversity and cover in the ground layer and a higher frequency of P. rigida seedling establishment. These conditions also resulted in increased soil temperature extremes, decreased decomposition rates, and markedly lower soil respiration in burned plots, but no differences in N or P immobilization. Reduced decomposition may facilitate the re-accumulation of the litter and organic layers although this will depend on the severity and frequency of future fires. This study has shown that even relatively low-intensity ground fires have the potential to significantly alter composition and function of these forests, primarily because of the elimination of the dense Kalmia shrub layer. Future studies of longer-term recovery will elucidate the persistence of these changes as the shrub canopy recovers.
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